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(54) HYDROGEN-PERMEABLE STRUCTURE AND METHOD FOR PREPARATION THEREOF 



(57) A hydrogen permeable structure includes a 
base material (1) including porous ceramic, and a hy- 
drogen permeable film (2) formed on the base material 
(1), including palladium (Pd) and at least one element 
otherthan palladium and having an amount of hydrogen 



dissolution at a prescribed temperature smaller than 
that of palladium alone. The hydrogen permeable film 
(2) is formed on the surface of the base material (1) in- 
cluding the porous ceramic by a physical vapor deposi- 
tion technique. 
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Description 

Technical Field 

[0001 J The present invention generally relates to a hy- 
drogen permeable structure and a method of manufac- 
turing the sarne : and more particularly, to a hydrogen 
permeable structure in which a hydrogen permeable film 
is formed on a porous base material and a method of 
manufacturing the same. 

Background Art 

[0002] Hydrogen gas is used as a fuel for a fuel cell 
and the like, and is manufactured by e.g. a method of 
transforming gaseous fuel. For instance, according to 
the method of transforming gaseous fuel, water vapor 
is reformed to produce hydrogen gas, the reformed gas 
including, in addition to hydrogen as a principal compo- 
nent, carbon monoxide, carbon dioxide and the like as 
sub components. If the reformed gas is used as it is for 
a fuel cell, the cell is deteriorated in performance. Thus, 
there is a need for removing sub components, i.e. com- 
ponents other than hydrogen, to rofinethe reformed gas 
in order to obtain hydrogen gas with high purity. One of 
refining methods is to utilize a characteristic of the hy- 
drogen permeable film that selectively allows only hy- 
drogen to pass therethrough. For use, the hydrogen per- 
meable film is formed on a porous support or base ma- 
terial. 

[0003] For instance, Japanese Patent Laying-Open 
No. 11-267477 has proposed a hydrogen permeable 
structure in which a hydrogen permeable film such as a 
Pd film, Nb film or the like having a thickness of approx- 
imately 0.1 to 20 u.m is formed by an ion plating tech- 
nique on the surface of a porous support made of stain- 
less steel or ceramic such as alumina and silicon nitride. 
[0004] Moreover, Japanese Patent Laying-Open No. 
1 1-286785 has proposed a hydrogen permeable struc- 
ture in which Pd metal and metal to be alloyed with Pd 
are alternately layered on the surface of a porous sup- 
port by an electroless plating technique or the ion plating 
technique, which is subsequently subjected to a heating 
process, to form a Pd alloy film as a hydrogen permea- 
ble film, 

[0005] Furthermore, Japanese Patent Laying-Open 
No. 4-349926 has proposed a hydrogen gas separation 
film in which silica gel having an average pore diameter 
of 1 0 to 30A, alumina gel having an average pore diam- 
eter of 1 5 to 30A or silica-alumina gel having an average 
pore diameter of 10 to 20A is formed in pores of an in- 
organic porous body having pore diameters in the range 
between 10 and 10000A, and a thin film containing pal- 
ladium is formed on the surface thereof as a hydrogen 
permeable film. 

[0006] Japanese Patent Laying-Open No. 10-28850 
has proposed a hydrogen separation structure including 
a base material made of porous ceramic or porous 



glass, a first layer layered on the base material, and a 
second layer layered on the first layer and made of Pd 
or a Pd alloy as a hydrogen permeable film, the first layer 
being formed of a material having a thermal expansion 

5 coefficient within the range between that of the base ma- 
terial and that of the second layer. The first layer relieves 
stress applied between the base material and the sec- 
ond layer when the hydrogen separation structure is ex- 
posed to an atmosphere with large temperature varia- 

10 tion, to prevent the second layer from peeling off from 
the base material. 

[0007] Japanese Patent Laying-Open No. 
11-267477, Japanese Patent Laying-Open No. 
11-286785, or Japanese Patent Laying-Open No. 
15 4-349926 discloses a structure in which a hydrogen per- 
meable film is formed on the surface of a porous sup- 
port, which has suffered from peeling of the hydrogen 
permeable film when the hydrogen permeable structure 
is used in the atmosphere of various conditions, pre- 
senting a problem in durability. 

[0008] To prevent the hydrogen permeable film from 
peeling off, the hydrogen separation structure disclosed 
in Japanese Patent Laying-Open No. 10-28850 has em- 
ployed a layer, formed of a material having a thermal 
expansion coefficient within the range between that of 
a porous base material and that of a hydrogen perme- 
able film, interposed between the porous base material 
and the hydrogen permeable film. 
[0009] By merely relieving the difference in the ther- 
mal expansion coefficients between the porous base 
material and the hydrogen permeable film, however, it 
was difficult to effectively prevent peeling of the hydro- 
gen permeable film. 

[0010] An object of the present invention is, therefore, 
to provide a hydrogen permeable structure that can 
more effectively prevent peeling of a hydrogen perme- 
able film and thereby having increased durability, and a 
method of manufacturing the same. 



[0011] The present inventors have examined various 
possible causes of peeling of a hydrogen permeable 
film, and found that the primary cause of the peeling is 

45 the compressive stress occurring at lattice expansion of 
metallic crystal associated with hydrogen dissolution, 
rather than the difference in thermal expansion coeffi- 
cients between a porous base material and the hydro- 
gen permeable film, and that such peeling can be pre- 

50 vented by forming a hydrogen permeable film with a 
small amount of hydrogen dissolution. 
[0012] Based on such findings, a hydrogen permea- 
ble structure according to one aspect of the present in- 
vention includes a base material including porous ce- 

55 ramie and a hydrogen permeable film formed on the 
base material, including palladium (Pd) and at least one 
element other than palladium, and having an amount of 
hydrogen dissolution at a prescribed temperature small- 
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er than that of palladium alone. 

[0013] Here, the amount of hydrogen dissolution (% 
by weight) is defined as a value measured according to 
the method described in the EXPERIMENTAL section 
of "Solubility of Hydrogen in Palladium-Silver Alloys" in 
Russian Journal of Physical Chemistry 47(1) published 
in 1 973, and is based on a value measured using a bulk 
sample with the same composition as the hydrogen per- 
meable film. 

[001 4] Since the hydrogen permeable structure of the 
present invention has a hydrogen permeable film with 
an amount of hydrogen dissolution at a prescribed tem- 
perature smaller than that of palladium alone, the 
amount of hydrogen dissolution into the film can be re- 
duced compared with the structure in which the conven- 
tional hydrogen permeable metal film of palladium 
alone, in the working temperature range including a pre- 
scribed temperature. Thus, expansion of the crystal lat- 
tice of palladium metal, i.e. expansion of the film, can 
be suppressed. Therefore, the compression stress of 
the film occurring by its expansion can be reduced, 
which can lower the stress applied on the interface be- 
tween the film and the base material. This can signifi- 
cantly reduce physical deterioration of the hydrogen 
permeable film such as peeling, crack and the like, and 
can improve durability of the hydrogen permeable struc- 
ture. 

[0015] Preferably, in the hydrogen permeable struc- 
ture, the prescribed temperature is at least 200° C and 
at most 700°C. 

[0016] More preferably, in the hydrogen permeable 
structure of the present invention, the at least one ele- 
ment other than palladium that is included in the hydro- 
gen permeable film is platinum (Pt). 
[0017] More preferably, in the hydrogen permeable 
structure of the present invention, the hydrogen perme- 
able film includes palladium and platinum, the content 
of the platinum being at least 5% by mass and at most 
15% by mass. Increase of the content of platinum can 
further reduce the amount of hydrogen dissolution into 
the film, though it lowers the permeability (permeation 
speed) of hydrogen gas. In order to improve the hydro- 
gen gas permeability to a degree higher than that of the 
hydrogen permeable structure made of palladium alone 
and to enhance durability of the hydrogen permeable 
structure by reducing the amount of hydrogen dissolu- 
tion into the film, therefore, the content of platinum in 
the hydrogen permeable film including palladium and 
platinum is preferably set within the range between 5 to 
15% by mass. 

[0018] In the hydrogen permeable structure of the 
present invention, the porous ceramic forming the base 
material is preferably silicon nitride (Si 3 N 4 ). Among var- 
ious types of ceramic, silicon nitride is superior in 
strength, fracture toughness, abrasion resistance, 
chemical resistance and heat resistance, thereby allow- 
ing further enhancement in durability of the hydrogen 
permeable structure of the present invention. 



[0019] The porous base material has a hole on the 
surface, and a porous oxide layer formed to fill the hole 
is preferably provided. Thus, the surface of the base ma- 
terial is planarized while the hole at the surface is filled 

5 with the porous oxide layer, allowing the hydrogen per- 
meable film to be formed on the surface of the base ma- 
terial in a closely packed manner without pin holes, im- 
proving permeability of the hydrogen permeable film. 
Moreover, adhesion between the surface of the base 

10 material and the hydrogen permeable film can be en- 
hanced, allowing further improvement in durability of the 
hydrogen permeable structure. Here : the oxide layer 
preferably includes at least one type selected from the 
group consisting of aluminum oxide (Al 2 0 3 ), silicon di- 

15 oxide (SiO z ) and zirconium oxide (Zr0 2 ), and more pref- 
erably, is formed of aluminum oxide. 
[0020] In a method of manufacturing a hydrogen per- 
meable structure according to another aspect of the 
present invention, a base material including porous ce- 

20 ramie is prepared, .and a hydrogen permeable film is 
formed on the surface of the base material, including 
palladium and at least one element other than palladium 
and having an amount of hydrogen dissolution at a pre- 
scribed temperature smaller than that of palladium 

25 alone, by a PVD (Physical Vapor Deposition) method. 
[0021] In the manufacturing method of the present in- 
vention, the surface of the base material is preferably 
planarized by filling the hole at the surface with a porous 
oxide layer, and thereafter the hydrogen permeable film 

30 is formed on the surface of the base material. 

[0022] Furthermore, in the manufacturing method of 
the present invention, the hydrogen permeable film is 
preferably formed in the atmosphere with a vacuum of 
at most 1 3.3 Pa (0.1 Torr). Here, the potential difference 

35 of at least 400V is preferably applied between the base 
material and a raw material for vapor deposition to form 
the hydrogen permeable film. 

[0023] As described above, according to the present 
invention, peeling of a hydrogen permeable film and 
40 physical deterioration such as cracks can significantly 
be reduced, improving durability of the hydrogen per- 
meable structure. 



Fig. 1 shows a schematic cross section of a hydro- 
gen gas separation structure as an embodiment of 
50 the present invention. 

Best Modes for Carrying Out the Invention 

[0025] As shown in Fig. 1, according to an embodi- 
55 ment of a hydrogen permeable structure of the present 
invention, a hydrogen permeable structure is provided 
by forming on a porous ceramic base material 1 an alloy 
film containing palladium and an element other than pal- 
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ladium, as a hydrogen permeable film 2. The alloy film 
has an amount of hydrogen dissolution at e.g. 400°C 
smaller than that of a metal film formed of palladium 
alone. 

[0026] Hydrogen dissolution into palladium metal 
causes crystal lattice of the palladium metal to expand. 
The volume of the palladium metal is increased by 2.8 
x 1 0* 30 m 3 when one hydrogen atom exists in the crystal 
lattice of the palladium metal. This value and the amount 
of hydrogen dissolution into the palladium metal film are 
used to obtain an amount of expansion of the palladium 
metal film, which is much larger than thermal expansion 
of the palladium metal film itself when the hydrogen gas 
separation structure is used at e.g. 400°C. Therefore, 
in consideration of the combination of the porous ceram- 
ic base material and the metal film, reduction in hydro- 
gen dissolution into the film, i.e., inhibition of expansion 
due to hydrogen dissolution into the film, rather than re- 
duction in thermal expansion of the film itself, can lower 
the stress applied on the interface between the base 
material and the film, vastly improving physical deterio- 
ration such as film peeling and cracks. 
[0027] The hydrogen permeable film may include as 
a component any elements other than palladium that 
has an amount of hydrogen dissolution at a prescribed 
working temperature smaller than that of a film formed 
of palladium metal alone. An embodiment is to form the 
hydrogen permeable film by adding platinum to palladi- 
um. For example, at the temperature of 400°C, the 
amount of hydrogen dissolution per 100g of palladium 
metal is approximately 15mg for the palladium metal 
alone, whereas, for a palladium-platinum-based alloy 
comprised of 90% by mass of palladium and 10% by 
mass of platinum, the amount of hydrogen dissolution 
per 1 0Og of the alloy is approximately 8mg, which is low- 
er. Moreover, as for hydrogen gas permeability, the 
amount of hydrogen gas permeation is 2.3cm 3 /cm 2 / 
min-cm for the palladium metal alone, whereas it is 
2.8cm 3 /cm 2 /min.cm for the palladium-platinum-based 
alloy comprised of 90% by mass of palladium and 1 0% 
by mass of platinum, showing improvement in the hy- 
drogen gas permeability. It is noted that the measure- 
ment is performed under the condition that the temper- 
ature is 500°C, the hydrogen pressure on the supplying 
side is 303.975kPa (3 atmospheric pressure) and the 
hydrogen pressure on the permeation side is OkPa (0 
atmospheric pressure). 

[0028] The hydrogen permeable film may be formed 
of a single-layer film of an alloy including palladium and 
an element other than palladium, or may have a multi- 
layered film structure constituted by a plurality of layers 
of the alloy above. 

[0029] Considering that the hydrogen permeability of 
the hydrogen permeable film is inversely proportional to 
the thickness thereof, the thickness of the hydrogen film 
is preferably at most 1 O^m, and more preferably at most 
Ijim. 

[0030] Moreover, it is preferable to form the hydrogen 



permeable film on the surface of a porous ceramic base 
material that is planarized in such a manner that holes 
at the surface are filled with aluminum oxide, silicon di- 
oxide, zirconium oxide or the like, to reduce pin holes at 
5 the film. More preferably, a porous aluminum oxide layer 
is formed at a hole portion on the surface of the 
planarized base material . The surface of the hole portion 
that has the area ratio of 30-70% is covered by the po- 
rous aluminum oxide layer, while ceramic particles are 
10 exposed at the surface of the other portion. The hydro- 
gen permeable film formed on the surface of such a 
base material and the base material are highly adhered 
to each other. This prevents the hydrogen permeable 
film from peeling off from the base material when the 
is hydrogen-containing gas is purified, which allows a 
close structure without pin holes, extremely reducing the 
amount of gas other than hydrogen passing through the 
hydrogen permeable film. Therefore, hydrogen gas with 
high purity can be obtained. 

[0031] Though the hydrogen permeable film may be 
formed by any film-forming method, a method of physi- 
cally depositing a film with a vacuum of at most 13.3 Pa 
(0.1 Torr), such as an ion plating technique and a spat- 
tering technique, is preferably used to form the film. 
Here, a potential difference of at least 400V is preferably 
applied between the base material (or a base material 
holder) and a raw material for vapor deposition (a tar- 
get). The application of such a potential difference in- 
creases energy used when the raw material for vapor 
deposition adheres to the base material, improving ad- 
hesion of the film to the base material. 
[0032] Though there are various types of ion plating 
techniques and any type thereof may be applied to the 
present invention, in particular, an arc ion plating tech- 
nique (arc discharge ion plating technique) is preferably 
used. 

[0033] A film including palladium, for example, Hasan 
excellent hydrogen permeability as a hydrogen perme- 
able film. The hydrogen permeability on the (1 00) plane 
of the palladium crystal is, however, lower than that of 
the other crystal planes. Accordingly, a film including 
palladium is formed such that the palladium crystals are 
oriented in their (111) planes in orderto obtain hydrogen 
permeability better than that of the film without such ori- 
entation. According to the manufacturing method of the 
present Invention, the film including palladium that is 
formed by applying a potential difference between the 
base material and the raw material for vapor deposition, 
palladium crystals are oriented in their (111) planes, so 
that good hydrogen permeability can be obtained. 
[0034] For the porous ceramic used as a base mate- 
rial of the hydrogen permeable structure in the present 
invention, different types of oxides such as aluminum 
oxide or various types of nitrides such as silicon nitride 
may be applied, silicon nitride being the most preferable 
in terms of strength and the like. The silicon nitride pref- 
erably includes therein a net-like cavity portion where 
columnar p-Si 3 N 4 crystal particles are intertangled. 
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Moreover, the porosity of the porous silicon nitride base 
material is preferably in the range between 30 and 70%. 
more preferably in the range between 40 and 50%. Fur- 
thermore, the flexural strength of the porous silicon ni- 
tride base material is preferably in the range between 
30 to 450Mpa, and more preferably in the range be- 
tween 200 and 450Mpa. 

[Example 1) 

[0035] A porous silicon nitride sintered body with the 
average pore diameter of 0.3um was prepared as a 
base material of a hydrogen permeable structure. Par- 
ticles of aluminum oxide with the average particle diam- 
eter of 0.03ujn dispersed in water were applied on the 
surface of the base material and fired at a temperature 
of 750°C for one hour. Thus, a hole at the surface of the 
base material was filled with a porous aluminum oxide 
layer to planarize the surface of the base material. 
[0036] An arc ion plating device was used as a device 
for forming a hydrogen permeable film on the surface of 
the porous silicon nitride base material processed as de- 
scribed above. An alloy having a composition comprised 
of 90% by mass of palladium and 1 0% by mass of plat- 
inum, i.e. a raw material for the hydrogen permeable 
film, was set as a target within a chamber in the arc ion 
plating device, the base material and the target being 
spaced by the distance of 300mm. The pressure in the 
chamber in the arc ion plating device was set to 2.66 x 
10* 3 Pa (2 x 1 0" 5 Torr) and then the bias voltage and arc 
current were set at -1 000V and 80A, respectively, in or- 
der to provide a potential difference between the base 
material and the target, and the device was operated for 
1 0 minutes. Thus, a palladium-platinum alloy film having 
a thickness of 0.3um was formed on the surface of the 
base material. 

[0037] For the hydrogen permeable structure manu- 
factured as described above, a heat cycle test was per- 
formed 1 00 cycles at a temperature between 400° C and 
the room temperature in a hydrogen gas atmosphere of 
101.325kPa (1 atmospheric pressure). Subsequent to 
the test, the film was examined for peeling by visual ob- 
servation and for cracks by electron microscopic obser- 
vation, which showed that no physical deterioration of 
the film such as peeling or cracks was observed. It is 
noted that the amount of hydrogen dissolution per 100g 
of an alloy having a composition comprised of 90% by 
mass of palladium and 10% by mass of platinum was, 
when measured by the method described earlier, 8mg. 
Moreover, when 202.65kPa (2 atmospheric pressure) of 
hydrogen gas was supplied while the hydrogen gas on 
the permeation side was set as 101.325kPa (1 atmos- 
pheric pressure), the amount of hydrogen gas permea- 
tion was 100cm 3 /cm 2 /min at the temperature of 350°C. 
[0038] Further, when the hydrogen permeable struc- 
ture was used to purify hydrogen-containing gas at the 
temperature of 400°C, the palladium-platinum alloy film 
showed good hydrogen gas permeability without peel- 



8 

ing off from the base material, allowing hydrogen gas 
with high purity to be obtained. 

[Comparative Example 1 ] 

5 

[0039] A hydrogen permeable structure was manu- 
factured as in Example 1 , except that metal of palladium 
alone for a raw material of a hydrogen permeable film 
was set as a target within the chamber in the arc ion 

10 plating device. The obtained hydrogen permeable struc- 
ture was subjected to a heat cycle test under a condition 
similar to that in Example 1 . After ten cycles, the film 
was examined for peeling by visual observation and for 
cracks by electron microscopic observation, which 

*5 showed that partial peeling of the film was observed by 
visual observation while cracks were observed on the 
film by the electron microscopic observation. It is noted 
that, for the metal of palladium alone, the amount of hy- 
drogen dissolution per 100g of. metal was 15mg. The 

20 amount of hydrogen gas permeation was, when meas- 
ured under the condition similar to that in Example 1, 
50cm 3 /cm 2 /min. 

[Comparative Example 2] 

25 

[0040] A hydrogen permeable structure was manu- 
factured as in Example 1 , except that an alloy having a 
composition comprised of 75% by mass of palladium 
and 25% by mass of silver for a raw material of a hydro- 

30 gen permeable film was set as a target within the cham- 
ber in the arc ion plating device. The obtained hydrogen 
permeable structure was subjected to a heat cycle-test 
under a condition similar to that in Example 1 . The result 
revealed that the film was entirely peeled after one cycle 

35 of the heat cycle test and completely off the base mate- 
rial. It is noted that the amount of hydrogen dissolution 
was 75mg per 1 0Og of the alloy having a composition 
comprised of 75% by mass of palladium and 25% by 
mass of silver. Because of the peeling, this sample could 

40 not be measured for the amount of hydrogen gas per- 
meation. 

[Comparative Example 3] 

45 [0041] A hydrogen permeable structure was manu- 
factured as in Example 1 , except that metal of palladium 
alone for a raw material of a hydrogen permeable film 
was set as a target within the chamber in the arc ion 
plating device. The obtained hydrogen permeable struc- 

so ture was subjected to a heat cycle test for 1 00 cycles in 
atmospheric air of 101.325kPa (1 atmospheric pres- 
sure) at a temperature between 400°C and the room 
temperature. Subsequent to the test, the film was ex- 
amined for peeling by visual observation and for cracks 

55 by electron microscopic observation , which showed that 
no physical deterioration of the film such as peeling or 
cracks was observed. 

[0042] As described above, comparison between Ex- 
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ample 1 and Comparative Examples 1 and 2 shows that 
there is a clear relevance between the amount of hydro- 
gen dissolution into the hydrogen permeable film and 
durability of the hydrogen permeable structure, and that 
the hydrogen permeable structure in Example 1 accord- 5 
ing to the present invention is superior in durability. 
Moreover, in Comparative Example 3, a heat cycle test 
was performed in the atmospheric air for the hydrogen 
permeable structure having a hydrogen permeable film 
of palladium metal alone, the result of which shows that 10 
heat expansion of the film has a small effect on durability 
of the hydrogen permeable structure, and that it is the 
expansion of the film due to hydrogen dissolution into 
the film in hydrogen gas atmosphere that mainly lowers 
durability. 15 
[0043] It should be appreciated that the embodiments 
and examples disclosed herein are described by way of 
illustration, not by way of limitation in all aspects. The 
scope of the present invention is defined not by the em- 
bodiments above but by the claims, and is intended to 20 
cover all modifications and variations within the equiva- 
lent meaning and scope of the claims. 

Industrial Applicability 

25 

[0044] The hydrogen permeable structure according 
to the present invention is suitable for obtaining hydro- 
gen gas with high purity for fuel for a fuel cell and the like. 

30 

Claims 

1. A hydrogen permeable structure, comprising: 

a base material (1) including porous ceramic, 35 
and 

a hydrogen permeable film (2) including palla- 
dium and at least one element other than pal- 
ladium, and having an amount of hydrogen dis- 
solution at a prescribed temperature smaller 40 
than an amount of hydrogen dissolution of pal- 
ladium alone. 

2. The hydrogen permeable structure according to 
claim 1 , wherein said prescribed temperature is at 45 
least 200°C and at most 700° C. 

3. The hydrogen permeable structure according to 
claim 1 , wherein the at least one element other than 
palladium is platinum. 50 



6. The hydrogen permeable structure according to 
claim 1 , wherein said base material (1) has a sur- 
face with a hole, and 

said hydrogen permeable structure further 
comprises a porous oxide layer formed to fill in the 
hole. 

7. The hydrogen permeable structure according to 
claim 6, wherein said oxide layer includes at least 
one type selected from a group consisting of alumi- 
num oxide, silicon dioxide and zirconium oxide. 

8. The hydrogen permeable structure according to 
claim 7, wherein said oxide layer is formed of alu- 
minum oxide. 

9. A method of manufacturing a hydrogen permeable 
structure, comprising the steps of: 

preparing a base material (1), on a surface of 
said base material, including porous ceramic, 
and 

forming a hydrogen permeable film (2) on a sur- 
face of said base material, including palladium 
and at least one element other than palladium 
and having an amount of hydrogen dissolution 
at a prescribed temperature smaller than an 
amount of hydrogen dissolution of palladium 
alone, by a physical vapor deposition tech- 
nique. 

10. The method of manufacturing a hydrogen permea- 
ble structure according to claim 9, wherein a surface 
of said base material (1) is planarized by filling a 
hole at the surface of said base material (1) with a 
porous oxide layer, and thereafter said hydrogen 
permeable film (2) is formed on the surface of said 
base material (1). 

11. The method of manufacturing a hydrogen permea- 
ble structure according to claim 9, wherein said hy- 
drogen permeable film (2) is formed in an atmos- 
phere having a vacuum of at most 13.3Pa. 

12. The method of manufacturing a hydrogen permea- 
ble structure according to claim 11 , wherein a po- 
tential difference of at leasL400V is applied between 
said base material (1) and a raw material for vapor 
deposition to form said hydrogen permeable film 

(2). 



4. The hydrogen permeable structure according to 
claim 3, wherein the content of platinum in said hy- 
drogen permeable film (2) is at least 5% by mass 
and at most 15% by mass. 



5. The hydrogen permeable structure according to 
claim 1 , wherein said ceramic is silicon nitride. 
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